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TECHNICAL NOTE
A technique to reduce fixation artifacts to kidney proximal
tubules
PETER M. ANDREWS and ALINE K. COFFEY
Georgetown University, Schools o.f Medicine and Den tistrv, Washington, D.C.
The preservation of proximal tubules in a state most closely
resembling their in vivo morphology requires careful attention
to fixation procedures. Conventional excision-immersion fixa-
tion is known to result in swelling of the cells lining proximal
tubules and the obliteration of proximal tubule lumens with
microvilli and cellular debris [1—3]. Dripping fixative on the
surfaces of living kidneys only adequately preserves the urinif-
erous tubules along the outermost edge of the cortical surface
[2]. Today, the accepted way to adequately preserve proximal
tubules throughout the kidney is vascular perfusion of fixative
[2]. Although vascular perfusion fixation has been achieved by
the direct perfusion of fixative [2], most investigators clear the
kidneys of blood and with a physiological saline flushing
solution before perfusing a fixative. Unfortunately, brief inter-
ruptions and/or alterations in perfusion pressures which can
accompany vascular perfusion techniques will produce swell-
ing, focal cytoplasmic protrusions, and widened intercellular
spaces along the length of proximal tubules [2—41.
In this paper, we describe a simple isotonic phosphate buffer
which can help eliminate most of the artifacts associated with
interrupted or altered perfusion pressures. Through the use of
this flushing solution, one can more consistently obtain well
preserved proximal tubules and thereby help eliminate artifacts
which might otherwise interfere with the interpretation of
experimental results.
Methods. Male and female Sprague-Dawley rats weighing
between 200 and 250 g were used in all of the procedures
described in this study. One prefIxation flushing solution used
in this study was an isotonic phosphate-buffered saline solution
(PBSaline) [5] of the following composition: 1.15 g/liter
Na2HPO4, 0.2 g/liter KH2PO4, 0.2 g/liter KCL, 0.1 g/liter
MgCl2 6 H20, 0.1 glliter CaCI2, 8.5 g/liter NaCI (280 to 290
mOsms). The second prefixation flushing solution is an isotonic
(280 to 290 mOsms) sodium phosphate buffer containing 4.3
g/liter NaH2PO4 and 14.8 g/liter Na2HPO4. The fixative used in
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these studies consisted of 2% glutaraldehyde with or without
0.1% tannic acid made up in the same sodium phosphate buffer
that was used as a flushing solution. The fixative has a pH of 7.2
and an osmolality of approximately 500 mOsms. All osmolali-
ties were verified using an automatic osmometer (Osmette,
Precision Systems, Inc., Sudbury, Massachusetts).
Vascular perfusion fixation
Immediately following flushing the kidneys. All rats were
anesthetized with pentobarbital sodium-injected intraperitone-
ally (35 mg/kg body wt). A laparotomy was performed and a
loose ligature was placed around the abdominal aorta at a point
just above the renal arteries. A cannula was then inserted into
the aorta at a point below the level of the renal arteries. The
inferior vena cava was cut and a flushing solution was perfused
retrograde through the aorta at a pressure of 140 mm Hg.
Immediately after the onset of perfusion the abdominal aorta
ligature above the level of the renal arteries was tied. A
successful perfusion was indicated by the complete and imme-
diate blanching of the kidneys. After 60 sec of flushing, the
kidneys were fixed (without any interruption in perfusion
pressure) by vascular perfusion of the fixative for 3 to 4 mm.
Using the foregoing methods, the kidneys of three rats were
flushed with either PBSaline or the phosphate buffer flushing
solution followed immediately by fixative.
After a 2-mm pause fbllowing flushing the kidneys. In this
series, the methods used were identical to those described in
the above, except that there was a 2-mm pause (that is, vascular
perfusion of the flushing solution ceased) between the initial 60-
sec flush of the kidneys and the subsequent vascular perfusion
of fixative. Again, the kidneys of three rats were flushed with
each flushing solution followed by a 2-mm pause and subse-
quent perfusion of fixative.
Immersion fixation following flushing the kidneys with dijfrr-
ent flushing solutions. The kidneys of six rats were perfused
with either PBSaline (three rats) or the phosphate buffer (three
rats) flushing solution as described above in the first section of
Vascular perfusion fixation. Following vascular flushing, the
kidneys were extirpated from the body, immersed in fixative,
and cut into I to 2 mm thick slices with a sharp, clean razor
blade.
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Table 1. Morphometric analysis of proximal convoluted tubules following different fixation procedures
Mean outside Mean luminal Mean tubule wall
Fixation method
No. tubules
evaluated
diameter SEM diameter SEM thickness SEM
microns
Uninterrupted perfusion
PB saline flush 105 36.6 0.39 21.2 0.42 7.7 0.14
PB flush 105 38.0 0.42 23.5 0.38 7.3 0.13
Interrupted perfusion
PB saline flush 105 40.0 0.48 20.1 0.41 10.0 0.12
PB flush 105 40.3 0.42 24.1 0.37 8.2 0.13
Immersion
PB flush 105 35.8 0.46 15.7 0.35 9.8 0.16
The thickness includes the brush border.
Figs. 1 and 2. Sections through proximal convoluted tubules fixed by vascular perfusion following preflushing with PBSaline (Fig. 1) andphosphate
buffer (Fig. 2), respectively. With both procedures, the tubules exhibit a normal ultrastructural cytoarchitecture. (x 1500)
Morphological evaluations. After in situ vascular perfusion
fixation, the kidneys were extirpated, cut into thin slices, and
immersed in phosphate-buffered fixative for an additional hour.
The slices from kidneys fixed by immersion were also fixed for
1 hr. The fixed kidney slices were then rinsed in phosphate
buffer, postfixed for 1 hr in 1% osmium tetroxide, stained en
bloc for 1 hr at room temperature in 2% aqueous uranyl acetate,
dehydrated through graded acetones, and embedded in Spurr
medium [61. Thick sections stained with toluidine blue were
viewed and photographed with a light microscope (Zeiss Uni-
versal, Oberkochen, Federal Republic of Germany) fitted with a
35-mm camera attachment. The outside diameters, luminal
diameters, and wall thickness of proximal convoluted tubules
were evaluated morphometrically using a digitizer (HIPAD
Bioquant II) hooked up to a computer (Apple II Plus) and using
software package for biostatistics (M & N Biometrics). Thin
sections (50 to 80 nm), poststained with uranyl acetate and lead
citrate [7], were examined using an electron microscope (JEOL
100S) operating at 60 or 80 kv.
Results. Table I summarizes the morphometric observations
of proximal convoluted tubule luminal diameters, outside tu-
bule diameters, and tubule wall thickness of the various sam-
ples evaluated.
The proximal tubules in kidneys which were fixed immediate-
ly by vascular perfusion after first being flushed with either
PBSaline or phosphate buffer appeared similar in their morphol-
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Fig. 3. Higher magnification view of a proximal convoluted tubule fixed
by vascular perfusion following preflushing with phosphate buffer.
(x9,500)
ogies. Using either of the foregoing flushing solutions, the
proximal tubule lumens appeared patent and the lining cells and
their cytoplasmic organelles appeared normal (Figs. I to 3).
When, however, there was an interruption in the perfusion
pressure prior to fixation, the proximal tubules (especially
second segment proximal tubules) in kidneys which were
flushed with PBSaline exhibited a decrease in luminal size, cell
swelling, widened intercellular spaces, and focal protrusions of
the apical cytoplasm into the tubule lumens (Table 1 and Fig. 4).
In addition, focal groups of proximal tubules appeared totally
closed, with lumens occluded by brush border and cytoplasmic
debris. Similar artifacts were not seen in the proximal tubules
from kidneys which were preflushed with the sodium phosphate
buffer prior to interruption and subsequent perfusion fixation
(Fig. 5). The proximal tubules in kidneys which were fixed by
immersion following flushing with PBSaline exhibited charac-
teristic swelling and the obliteration of their lumens with
microvilli and cytoplasmic debris (Fig. 6). In samples fixed by
immersion following flushing with the isotonic sodium phos-
phate buffer solution, however, the tubule lumens remained
patent (Fig. 7). The tubules, however, did exhibit some swelling
and widened intercellular spaces.
Discussion. Proximal tubules comprise most of the kidney
cortex and are frequently the first uriniferous tubule segments
to exhibit damage in response to ischemia and other insults. The
proper fixation of these tubules is therefore essential in any
investigation wherein the morphology of the uriniferous tubules
is to be evaluated. Preserving proximal tubules in a state which
is free of artifactual distortion, however, is a recurring problem
in histological preparations. These tubules are so sensitive to
ischemia, altered perfusion pressures, and other factors, that
any other than the most precisely timed vascular perfusion
precedures will result in varying degrees of artifactual damage
[2, 31.
In their extensive work on factors which influence the
ultrastructural preservation of uriniferous tubules, Bohman and
Maunsbach [8] concluded that it was important to add imper-
meant osmotic agents (for example, polyvinylpyrrolidone or
dextran) to the fixative to prevent artifactual enlargement of
extravascular spaces. Bohman [9] also reported that the rat
medulla cannot be satisfactorily fixed by perfusion without such
agents in the perfusion fluids. In the present study, we found
that the phosphate ions in a sodium phosphate flushing solution
will also act as effective osmotic agents and reduce the artifacts
which result from interrupted perfusion pressures or immersion
fixation. The reasons why the presence of such impermeant
osmotic agents are necessary is suggested in part by the work of
Griffith, Bulger, and Trump [3] who noted that after interrupting
the blood supply to kidneys, there is an immediate decrease in
proximal tubule luminal diameters but no significant change in
their outside diameters. These investigators concluded that
cellular swelling is responsible for luminal closure during isch-
emic insult. This swelling probably results from an uptake of
water by proximal tubule cells in response to ischemic-induced
inactivation of the sodium, potassium active transport system
[101, and to a lesser extent to a reduction in intraluminal
hydrostatic pressure [3]. Although proximal tubule lumens can
sometimes be subsequently distended again by perfusate, such
distention may cause artifactual protrusions of the proximal
tubule apical cytoplasm into the tubule lumens [21. In the
present investigation, we found that the swelling of proximal
tubule cells, subsequent loss of proximal tubule lumens, wid-
ened intercellular spaces, and protrusions of the apical cyto-
plasm into the tubule lumen can be significantly reduced by
using a simple sodium phosphate buffer flushing solution. This
solution apparently needs no special additives such as heparin
or procaine to facilitate subsequent perfusion of fixative and can
conveniently serve as a medium in which the fixative can also
be prepared. Through the use of this phosphate buffer flushing
solution one can even reduce the extensive artifactual distortion
which results from excising the kidney and subsequent fixation
by immersion. This latter observation agrees with studies which
have reported that intravenous injection of impermeant osmotic
agents can also reduce the extent of proximal tubule luminal
closure which is normally seen following immersion fixation
[11, 12]. The use of the phosphate buffer flushing solution to
preserve kidneys fixed by immersion may be applicable to
experimental situations wherein one kidney can be flushed in
situ with an innocuous rinsing solution and excised for histolog-
ical observation while the contralateral kidney is left in the
animal for future experimental purposes. It should probably be
noted, however, that previous studies suggest that if the length
of time between flushing and subsequent immersion fixation is
long, the relatively small phosphate ions probably need to be
replaced with larger more impermeant osmotic agents such as
sucrose to more effectively prevent cell swelling [13].
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Figs. 4 and 5. Sections through proximal convoluted tubules which were
subjected to a 2-mm interruption between initial flushing and vascular
perfusion fixation. In tubules preflushed with PBSaline (Fig. 4), the
cells are swollen, and the intercellular spaces arc abnormally enlarged
(X's). Similar artifacts are not evident in those proximal tubules which
were preflushed with phosphate buffer (Fig. 5). (x 1500)
Figs. 6 and 7. Sections through proximal convoluted tubules which were
fixed by immersion following vascular prefiushing with PBSaline (Fig.
6) or phosphate buffer (Fig. 7). The proximal convoluted tubules
preflushed with PBSaline exhibit thc characteristics typical of immer-
sion fixation including the obliteration of tubule lumens with microvilli
and cytoplasmic debris. Although proximal convoluted tubules pre-
flushed with PflSucrose exhibit increased intercellular spaces and some
swelling, the tubules have remained patent and the lining cells are
intact. (x1500)
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